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ABSTRACT .

This paper considers the flow of solar corpuscular streams
in the interplanetary gas. It is shown that the streams are unstable
relative to magnetohydrodynamic perturbations. This instability is
the result of interaction of these streams with the plasma =znd the
magnetic field of the solar supercorona. Comparison is made between

the theoretical and experimental data.

During the experimental investigations on the scattering
of radiowaves received on the ground from the source of cosmic
radio emission from Taurus A during its concealing by solar super-
corona, the presence of inhomogenous cloudy structure of ionized
gas was revealed at distances of 4 — 30 RC) from the Sun [1 — 4].
An assumption was made in references [1, 3] that the observed inho-
mogeneities in the electron concentration constitute plasma clouds

in solar corpuscular streams. In connection with this it is inte-
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resting to ascertain the nature of the mechanism of formation o

these streams' cloudy structure. Such stream inhomogeneity must be
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taken into account when considering their action on Earth's

As is well known, the latter induces various geomagnetic disturbance

* Magnitogidrodinamicheskaya neustoychivost'! solnechnykh korpusku-
lyarnykh potokov.
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According to Shklovskiv's estimates the concentration of
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It is quite possible that the causeof line of force stretching of
the heliomagnetic field lies in the hydromagnetic extrusion of the Sun's
field by the head of the solar corpuscular stream.
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n this case the interaction between charged partic

and supercorona plasmas is realized only through seli-consiste:

electromagnetic fields. Assume that a streanm flows

VO in the direction of the lines of force of a M"radi:

field of the Sun HO. Then the linearized system of eguations des-

cribing the electromagnetic processes in the stream and in the inter-

plenetary plasma will have the following form [147 :

aj = -
T4 (Vo) b+ om 3,71 =

2N,
2B+~ Voh + - [vHLl) 5 (1)
AL 1 re N
¥ + (VoV) vs= P [JH,1; (2

e2

,,]Zp (E + % [VpHo]) ; 3)

9j >
St on [jrl =

6vp 1 . J " ‘
= 5;0- [joHol; (4)
4 om
W Bt S b (5)
.= 4 PE 4m 00, +) '
V2 —gar. ——-—=-—--—LL._
E—grad divE — — — = 5 . (6)
Here j,wyip=mN are the density of the electric current, t el
city and density of the ionized gas mass ; og = eHy/m, is the electron
-2
gyrofrequency in the solar magnetic fieldy T is the unitary vector
of this field; N dis the concentration of the plasma; ., and ms
- 1

are respectively the messes of the electron and iony B z2nd h are
respectively the strength of the electric field and the intensity
of the magnetic field. The little signs & and p are respectively

related to guantities in the stream and in the stationary

]

Ecquations (2) and (4) are plasma equations of motion, and

{

ndicated mediz Desnite
naicated media. bespite

(3) express the generalized Ohm law in the

He

the high temperature, the speed of sound is much lower in the give
case than the Alfvén wave velocity Vi = Hy/V 4np That is why we

neglect the accounting of pressure forces in the ec

> [ .
motion., The possibility of utilizing the magnetohydrodynamic approach

to the problem instead of more sequential kinetic equation method,




is justified by the fact that we are expected to dezal with motions
of much larger scales than the ion gyroradius [16, 17].

From the system of equations (1) ~ (6) we may obtain the
dispersion correlation for plane electromagnetic waves provazating
along the stream. For that pruorpose we estimate all the cusntities

to be changing along the law expi (¥t —kz), where @ and k are
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the frequency and the wave number, the axis 2z being direct
the magnetic field. In this case the dispersion equation has the
form [14, 157

02, (0 — EVo) 02,0 .
2 272 o . 2¢ pe
[0)] —.Ck = (l)-—kVo:F(Oe'—(De(Di/((D—kVO) + O)ZF(oe—OJe(Di/(o 4 ( )

where wg = (4ne*Nym,): Ope = (4e®Np/m.)": are the plasma fre
electrons in the stream and in the stationary plasma ;= eHy/mc i=
the ion gyrofrequency. The sign (+) corresponds to the ordinary
wave, the sign (=) — to the extraordinary. Equation (7) describes
only the propagation of transverse electrouwagnetic waves. In the
abserce of a stream, when @w_ ., =0, the ecuatio‘n (7) transfers into
the well known equation for electromagnetic waves propagating in a ,
rlasma along the magnetic field [16].
In the standard approximation of the magnetic hydrodvnamics
(case of low frequencies, when ‘co<coi, considering also that kVo<fDi),

we obtain from the equation (7) :

co;}cV)é O :
k2=(__VT_°__+__2_, - (8)
~“As Ap

where Alfvén wave velocities VA and VAn are introduced:

S

5 ® 0, H2 H?
VA == Cz ———e : = o V2 —— 0 .
S (0;38 mps E) Ap . mpp . (9)

The solution of the dispersion equation (8) is easy to find and
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it may be written in the form

Vot Va V (4 —VEVE) NN, (10)
TF NN, RE "

where Vi ==Vis+'Viw — A more detailed deduction of t
lations is presented in the works [14, 15]. It follows from for-
mula (10) that under the condition whereby the velocity of the
solar corpuscular flow Vy exceeds thet of the Alfvén wave V
there appear in the system stream — interpvlanetary medium waves
growing with time, i, e, the system becomes unstable. A similar
instability criterion is encountered in magnetic hydrodynamics wh
investigating tangential breaks [18]. Conseguently if the stream
forms a flooded -jet-tyve flow while moving in interplanetsry gas,
the superficial boundary of that jet will also be unstable

to magnetohydrodynamic perturbations.*

Therefore, the condition of magnetohydrodynamic instabili-
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ty of solar corpuscular str a very simple form :
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interplanetary medium :

The wave's accretion factor in time T may be found from

the expression (10)

: VNN ;
——t p s
T=®oy—"5 - il (13)
P S
It is obvious that ¥ has z2 maximum at N = N i.e. 1in

ki

the case when the concentration in the stream is equal to plasma

—
.
D

concentration in in the interplanetary medium. At Nﬁ i
T 1 T i el i1 i ¥ '—c brealkis 1o
shall obtain ‘rmax 1§VO/2. Th? time T of stream's breakingup
into separate clouds may be estimated avproximately using (13) :
. 1 Np-'-}—Ns
T KV, VNN,

T being minimum in the case when N@::IJS.

* see infrapag.note next page
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interplanetary space and of

since the Sun i= the probable source of interplaneta

1t is basicaelly a proton-electron zas. As pointed oub

magnetic field of the Sun has a2 radial direction in

1. €, the lincz of force
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from the preceding page.- At the same time all the pla sma. within the
stream of radius R must move with a ve1001ty VO ’




According to the estimates brought out in [12, 13], the macnetic
field of the Sun has a magnitude HO~3 - 1072 gauss at R = 3R
and at a distance of 1 a.e. Hy ~10"2 gauss. This means in parti-
cular that the magnetic field decreases slower with the distance

from the Sun than H = @/R)3

After these prel;;uinary remarks let us pass to estimates.
At distances from the Sun R >~5R® the indispensable condition (11
of instability is fulfilled for streams with a velocity V. = 100 —
2 b .z
—~ 10 c¢m “, Indeed, for

R =5Rs, Np,=~10® cw3, H,=~3.10 — gauss and consequently Vas

1000 km /s and a concentration Ng = 10

>Visg=T700 km/sec and V, =7000 km/sec for the respective con-
centrations in the stream Ng =lOlJr and ZLO2 cm'j.
from the surface of the Sum increases, IVA‘ decreases and the condi-
tion (11) is easier to satisfy. Thus at the distance R = 1 a,e.
when one may estimate N, ~100 cm” 5 Hp ~10"2 gauss, it is easy
to obtain that Vpy~2 l:i/sec and VO>VA « Consequently, the con-
dition for magnetohydrodynamic instability is fulfilled everywhere
in the space between the Earth and the Sun. Utilizing the inecquali-

ty kVy<w; , one mey estimate the minimum length of the growing

wave o .
b = 27 o
A&t B = 5R® and wiNEOO sec"l we find that Am>5—-10‘::11*,
while for R =1 a.e, A, > 1500 — 150000km. From exnerimental

data for the solar supercorona the dimensions of inhomogeneities
L ~1+10° km [1—4]. There are indications to the effect that
separate plasma clouds move with peculiar velocities of 10~ to

107 km/sec [4

The time necessary for the disintegration of a stream
into separate clouds may be estimated by using formula (14). It is

minimum in the region where N NS. From data on electron den-

sity din tne sunercorona this condlt“ on for the streams is fulfilled
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tion, for the quantitative sider

beyond the limits of the linecar theory

The cloudy, inhomogenous structure of
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